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Introduction
The current U.S. Department of Agriculture, Forest Service strategy for improving the use of woody biomass (Patton-Mallory 2008) defines four strategy goals. Goals one, two, and four include building partnerships, developing and deploying science and technology, and assuring a supply of biomass. Goal three of the strategy is to "help develop new and expanded markets for bioenergy and biobased products" (Patton-Mallory 2008: 8) . All goals are viewed by the Forest Service as important parts of a primary and broader objective of sustaining healthy forests that will survive natural disturbances and threats, including climate change.
A planned short-term action of goal three is to "assist businesses looking to develop new markets or increase the supply of woody biomass products, particularly focused on heating fuels such as pellets and wood chips or commercial use and long-life products that maintain sequestered carbon" (Patton-Mallory 2008: 9) . Accordingly, the purpose of this project was to better define the existing profile of heating fuels used in various areas of the state of Alaska and identify opportunities to replace higher cost fossil fuels with renewable wood energy products (RWEP).
The need for the estimates of potential markets became noticeable as forest managers, entrepreneurs, civic officials, and citizens expressed increasing interest in using various forms of local biomass directly as sources of energy or for production of energy products (traditional firewood, wood pellets, briquettes, and chips).
Although supply was a primary concern, it was assumed that if the material existed, it could be delivered and made available.
Markets, price, and the sources of existing competing energy are all important considerations. Given the high transportation costs to import products to Alaska, local markets and levels of demand are important components of any business plan to produce energy products. Local producers may have a competitive transportation advantage when serving local markets owing to lower transportation costs than those faced by a competitor producing outside the region. It is not uncommon, however, for this competitive advantage in transportation costs to be offset by higher production costs in Alaska. Regardless, the size of the local market and potential demand are of critical importance to firms, organizations, and entrepreneurs interested in production and marketing renewable energy products in Alaska.
There are many factors that will influence the conversion from traditional fossil fuels to RWEPs. reviewed opportunities for the increased use of bioenergy, or RWEP, in the Western United States. They reviewed the legislation and policies that some European nations have adopted to promote conversion and maximum use of RWEP. There are many other factors exterior to government policy that also impact the conversion process in any community or region in the Nation. These include availability of various fuels at the local level; the local cost of the alternative fuels; replacement costs of heating equipment; environmental regulations at the community, state, and federal levels; the existing forest products industry and level of activity; and carbon accounting and environmental economics. A complete analysis of all these problems is beyond the scope of this project.
The goal of this project is to provide estimates of the potential demand for RWEP in Alaska, and provide sufficient background material so the reader can begin to estimate the required raw material to meet that demand.
Objectives
The Alaska Wood Utilization Research and Development Center has a mandate to conduct projects that have the potential to more efficiently utilize the forest resources of Alaska and to promote the economic development of the state. The methodology employed in this project also has the potential to provide researchers with a model that can be applied to any area of the Nation.
The objectives of the project are as follows:
• Provide an overview of the conversion factors and measurement methods- Alaska. Special emphasis is placed on measurement and recoverable energy from RWEP, often referred to as biomass products.
• Using Census Bureau, EIA, and FEDC data, estimate the volumes of renewable wood energy that are currently used in Alaska as a primary or secondary fuel for heating purposes.
• Compare the cost per British thermal unit (Btu) of the various alternative sources of energy used in Alaska, and identify situations where renewable wood energy is an economically viable replacement for existing sources of energy.
• Develop estimates of the total volume of renewable wood energy required to replace high-cost alternatives in the residential and commercial sectors in Alaska.
Overview of Methods to Compare Energy Use
There are three major categories of biomass or RWEP: (1) trees harvested specifically for energy (stem or bowl wood limbs, needles, and leaves-including species that will grow under intensive forestry methods), (2) wood fiber residue from sawmills and other plants that process timber (these residues include coarse or chippable residue, sawdust, planer shavings, and bark), and (3) tops and limbs (from trees harvested for traditional products) that are processed in the woods or removed from the woods and converted to energy use. When used for energy, these forms of wood fiber can be burned as is; hogged prior to burning; processed into pellets, compressed logs, or bricks; or as technology improves, manufactured into liquid forms such as biodiesel and ethanol. The focus of this project is the near-term replacement of fossil fuels by the solid forms of RWEP.
Conversion Factors in This Report
The basic energy content of RWEP is reported as Btu values. British thermal unit values are determined by using various calorimeters charged with bone-dry (zero percent moisture content) material and reported in the English system on the basis of weight (Wilson et al. 1987) . The standard methods for determining speciesspecific Btu ratings result in a value referred to as the higher heating value (HHV), or laboratory value, for the material (Briggs 1994 , Ince 1979 . The reported standard Btu values for wood (Wilson et al. 1987 ) from the Pacific Northwest extends from a low of about 8,000 Btu/lb (red alder (Alnus rubra Bong.)) 1 to a high of 9,900 Btu/lb (Alaska yellow-cedar (Chamaecyparis nootkatensis (D. Don) Spach)). These values are relatively constant.
Higher heating values for Alaska species used as fuel are presented in table 1.
Using the Wilson et al. (1987) values for nine species that grow in Alaska, an average value for species in the state was calculated as 8,653 Btu/lb. The standard deviation of these values was 571 Btu/lb. The energy value for bark is generally higher than that for wood. Based on this information, the HHV of Alaska wood for the purposes of this analysis is 8,500 Btu/lb. Table 2 contains HHV for other fuels derived from data reported by the EIA (2008d). For wood fuel, the EIA uses a factor of 20 million Btu per cord. For biomass (wood and wood-derived fuels), the EIA uses a factor of 17.2 million Btu per short ton, based on zero moisture content.
1 See "Common and Scientific Names" for species names used in this paper.
The focus of this
project is the near-term replacement of fossil fuels by the solid forms of renewable wood energy products. 
Wood Measurement and Fuel Characteristics
Currently, most wood transported on the highways to forest product facilities is commonly purchased and sold based on fresh cut (green) weight. The cord, however, is still a common unit of measure used to define volumes of wood that are purchased and sold at the retail level for home heating purposes. Numerous sources and forest mensuration texts (Bruce and Schumacher 1950 , Evans 2000 , Husch et al. 1982 ) define a cord as a pile of wood, with lengths cut to 4 ft, that has a volume of 128 ft 3 (4 ft high × 4 ft wide × 8 ft long). The unit is further defined as a pile of wood that includes wood, bark, and void air space. The older text (Bruce and Schumacher 1950) was written when the cord unit was a commonly used measure for pulpwood and firewood. This text stated, "There may be anywhere from 60 to 100 cu. ft. of solid wood per cord, depending on the mentioned circumstances" (Bruce and Schumacher 1950: 35) . They continued, "Where an average figure is needed, 90 may be considered high and 70 a low, value…" Keep in mind that a cord of wood also includes bark. The exact amount of bark available for burning is a function of species characteristics, time of year the material is processed, handling, and time between harvest and burning. Energy of burnable material may be increased up to 10 percent if all bark is delivered to the stove. Thus, a cord with a wood content of 85 ft 3 would be the equivalent of 93.5 ft 3 when bark is included.
Newer sources (Dunster and Dunster 1996) also make reference to a "face cord" and note that this is material that is cut to usable lengths (12, 16, or 24 in) and, when split for burning and piled, has a face area of 32 ft 2 (or 4 ft high and 8 ft long heating system was to adjust for fuel moisture content (Briggs 1994 , Ince 1979 ).
This calculation takes into account the energy that is required to drive off the water during the combustion process.
The moisture content of fresh-cut wood differs considerably among species (Bowyer et al. 2003) . In general, the heartwood is of lower moisture content than the sapwood. As a rule of thumb, many consultants assume that fresh-cut wood is half (50 percent) water. Wood is hydroscopic in nature, and it gains and looses moisture with the surrounding environment. In most coastal areas of Alaska, green wood, stored so that it is covered from the rain and piled so that air will circulate through the material, will dry to an equilibrium moisture content of 15 to 16 percent, green basis. Inland areas will reach equilibrium at slightly lower levels. Once a moisture content of 12 percent dry basis is adjusted to 10.7 percent green basis, the equation presented by Briggs (1994) or Ince (1979) can be used to calculate gross heating value (GHV) when burning takes place, using the following formula:
where GHV = gross heating value, HHV = higher heating value, and MC gb = moisture content, green basis expressed as a percentage.
Thus, the HHV value of 8,500 Btu/lb for wood material adjusted using the above formula (with MC gb equal to 10.7) will produce a GHV of 7,590 Btu/lb. Up until this point, the focus of energy recovery has been on the characteristics of the fuel. Ultimately, the final calculations to determine the recoverable heat and combustion efficiency of any heating system must also take into consideration the equipment that is used and the insulation of the building that is being heated.
Efficiency of heating systems-
In any heating system, the energy from the combustion process is either vented up the chimney (stack heat loss), lost to the environment during transfer to the area being heated, or applied to the area being heated. The direct transfer of heat (energy) may be by a process, singularly or in combination, of radiation and convection. Both Briggs (1994) and Ince (1979) The product and marketing literature for space heating stoves (regardless of fuel type), furnaces, water heaters, and other appliances include an efficiency rating expressed as a combustion efficiency value. Most modern wood heating units also include an EPA-based emissions rating. The standards that products must meet are defined by the National Appliance Energy Conservation Act (NAECA 1987) and Department of Energy regulations. Technically, the efficiency rating reported by Briggs (1994) is comparable to the ratings reported for various heating stoves under the NAECA. Some sources present tables where HHV values for various systems are reduced by the efficiency rating of the equipment to obtain estimates of combustion efficiency or deliverable Btus for various fuels. The results of this approach are reasonable for simple systems using most liquid fuels with minor or low moisture contents. They do not, however, provide reasonable estimates for fuels such as wood, many RWEP, and Alaska coal with high moisture contents. Gross heating values reduced by appliance efficiency are probably optimistic and higher than most installations, given that stove testing is done under optimal conditions where stack properties and air feeds are controlled. The installation of the product in less controlled conditions of a specific home will probably result in a combustion efficiency value lower than that reported by the manufacturer.
Impact of climate on home heating-
From north to south, the state of Alaska is a distance of about 1,000 mi. Within the state, the mean annual heating degree days using a base of 65 °F, range from a low of 6,855 at Annette Island in southeast Alaska to a high of 19,719 degree days in Kuparuk, a community on Prudhoe Bay in northern Alaska (ACRC 2009).
Degree days provide a rough estimate of heating requirements. The values may not, however, be directly correlated to energy use for heating, unless the characteristics of housing units (size of heated living area, amount of insulation, efficiency of heating systems, etc.) in each location are taken into consideration. A poorly insulated house in a warmer area with fewer degree days may require more energy for heating than a well-insulated house in a colder area with more degree days.
Review of U.S. Census Bureau Data
The federal government conducts a census every 10 years to determine the apportionment of congressional representatives among states. Although the government collects the data for apportionment, distribution of federal funds, delineation of legislative districts, and other purposes, the information is also available to the general public and businesses. The information is especially valuable to businesses for use in marketing applications. In the following sections, the above data may be modified to reflect estimates of occupied homes, owner-occupied homes, or other factors. Such modifications have been noted as they appear. The profile of energy sources used for home heating on a household basis in Alaska from the Census Bureau sources are presented in figure   2 . It shows that natural gas (45 percent) is the primary fuel used for home heating in Alaska, and wood is used for heat in 4 percent of the homes.
Review of Energy Information Agency Data
The EIA State Energy Data System (SEDS) reports energy consumption estimates for each state. The basic data on energy sources (EIA 2008a (EIA , 2008b Distillates and liquefied petroleum gases, 27% Natural gas, 46%
Electricity, 18%
Coal, 2%
Other, 0%
Biomass, 7% Table 3 also shows the power generated from fossil fuels that is assigned to the residential, commercial, and industrial sectors as reported by the EIA. In the EIA tables (EIA 2008a), total energy use is reported, and to prevent double accounting, fuel oil, natural gas, and coal used to generate electricity are assigned to the electrical sector. This material is converted to electricity and sold to the other sectors. The adjusted table accounts for all the energy consumed by those three sectors, including power generated by thermo mechanical systems (electricity generated by using fossil fuel).
One In 2007, the FEDC completed a survey to assess community and consumer interest in use of pellet fuel (Robb 2007 b This total does not take into account transfers of electricity from the power sector to the other sectors. Thus, electricity from the power sector was added to the residential, commercial, and industrial sectors to account for all the energy consumed by those sectors. c Electricity sold in Alaska is generated both by hydro sources and fossil fuel plants. The generation of electricity from fossil fuels is very inefficient. Fossil fuels consumed by the electric power sector are converted to electricity and sold to the other sectors. Minor amounts of electricity are utilized by the electric power sector and the amounts of energy leaving the generating plants are subject to transmission loss, prior to being sold to the various other sectors of the Alaska economy. Btu = British thermal unit. Note: The table contains rounding errors owing to the energy amounts in the source being in units of 1 trillion Btu. Source: EIA 2008a: tables 7, 8, 9, 10, 11, and 12.
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The FEDC survey represented information supplied by homeowners, a subset of total housing units. The reported usage of the major source of energy (fuel oil in Fairbanks and natural gas in Anchorage) for home heating was higher than those reported for all housing units in the Census Bureau housing survey. This trend in the data suggests that the source of heating energy for rental units may differ from that of owned units. The authors were unable to locate any data relative to rental units that would confirm this speculation.
Estimates of Current Use of RWEP for Home Heating in Alaska
Combining the data from the Census Bureau, EIA, and FEDC allows calculation of the volumes of wood currently being used for primary and secondary heating in Alaska census tracts. This was accomplished by using a three-stage process. First, Census Bureau 2000 data were updated by using 2006 Census QuickFacts (U.S.
Census Bureau 2006b) data to reflect the number of housing units using distillate fuels (fuel oil, kerosene, and liquefied petroleum gas) for heating. The housing numbers were adjusted by removing all apartment units that were in buildings with five or more units. The housing units were also adjusted to reflect occupancy (half of unoccupied units were considered as unheated) and the smaller size of mobile homes (half of mobile homes were subtracted). This provided an adjusted estimate of the number of household units in each census track that were using distillate fuels.
Second, by using the EIA energy values (EIA 2008a) for residential use of distillate fuels and the adjusted number of housing units from step 1, average Btu usage for a unit was calculated. Given the temperature extremes that exist in the state, the authors were reluctant to apply this average to the census tracts without some weighting factor to account for the increased number of heating days and severity of winters in northern areas of the state.
The energy required to heat a house for a winter season is based on a combination of factors (e.g., quality of construction and insulation, size of the living area being heated, severity of the climate, fuel used, efficiency of the heating system), but a complete analysis of all of these factors was beyond the scope of this project.
To simplify the analysis, it was assumed that all of these factors, other than climate, would be averaged. The impact of climate would be reflected by degree days using 65 °F as the basis (ACRC 2009).
Third, by using information from the Alaska Climate Research Center (ACRC 2009), the census tracts were assigned a reported degree-day value for a community within each census tract. Given that airports have a constant need for current weather information, an attempt was made to use airport locations whenever possible. If an airport location was not reported, a named community was used.
Given an estimate of the number of housing units and a weighting value to account for climate, the average house Btu value from step 2 was prorated to each census tract by using the number of housing units times number of degree days. Given the above procedures and conversion factors, it is estimated that there are 8,632 homes using wood as the primary source of heat in Alaska (table 5 ). The total volume of firewood used annually as the primary source of heating is 76,203 cords.
Given the FEDC survey, it was also possible to estimate the number of homes (31,227 units) and volume of firewood (53,502 cords) used in secondary heating.
In total, it is estimated that about 138,656 cords of wood are used as a primary and secondary source of heat in Alaska. It might be assumed that the firewood removals from the Alaska forests are equal to the same number. This, however, is not necessarily the case. The relationship between volume used and harvest is discussed later in this report. 
Cost Comparison for Alternative Energy Sources
From the consumer's point of view, any economic assessment of fuels and sources of energy must provide an answer to the basic question, "What will each alternative cost?" There are two components of cost. First is the cost of purchasing equipment (fixed costs) for a specific fuel option and second is the cost for annual maintenance and the fuel itself (variable). Although the question seems simple, the process of developing the answer, given the maze of measurement units used in the commerce of fossil and renewable forms of energy, is complex.
Given the hydroscopic nature of wood, an understanding of moisture content and its impact on recoverable energy is critical to this report. It must be recognized that all fuels (e.g., coal, gas, oil, and wood) may include moisture that must be removed in the combustion process. In gas and oil, the moisture content is most commonly minimal and the efficiency of the burning equipment itself results in a loss of energy available for heating or powering a process. The most logical way to compare cost of alternative sources of energy is to compare the cost of the Btu recoverable from each product. In this project, the recoverable Btu value of selected alternative sources of energy were calculated to show the break-even price that could be paid for the alternative.
The commerce of wood and the units of measurements therein are poorly understood by the general public. Many individuals in the forest products industry are just becoming exposed to the conversion factors and evaluation of biomassrelated energy products. In many areas, costs for purchasing standing trees, harvesting, and delivery to mills is readily available. In such locations, mills procuring wood advertise prices they are willing to pay for specific species and products. In many heavily forested states, information relative to standing timber and delivered values of forest products are collected and published by university extension agencies and state-supported marketing programs. Such is not the case in Alaska.
Another complication associated with Alaska is that almost all of the timber harvest in the region processed by sawmills is of high quality and large size. The mills produce residual products (chips, sawdust, bark, or mixtures thereof) that can be used as a source of energy, but Alaska lacks mills that process timber directly from the round-log form to fiber. Given these Alaska-related problems, the following is a review of timber economics in general. It has been assumed that harvesting for energy products would require low-quality logs. Generally available information from Oregon (ODF 2009), an area whose conditions and timber species are somewhat comparable to those of southeast Alaska, has been used to develop a hypothetical minimum price for low-grade logs and young growth harvested in Alaska.
An explanation of selling prices of wood can best be reviewed by commonly relating them to the following two situations. In the first case, a landowner that owns standing timber may sell the material to a logger or mill as standing timber.
In this instance, the value of the wood is referred to as "stumpage value." The logger or the mill owner has the right to enter onto the land, harvest the timber, and deliver it to the mill. The logger pays the landowner for the value of timber harvested, or "stumpage." The costs of harvesting and transportation to the mill are not included in the "stumpage value." In Alaska, stumpage may be purchased from the U.S. Forest Service, several state agencies, Native landowners, and occasionally in small volumes from private landowners.
Moving along the chain of commerce to the mill owner that produces products from logs, the cost of the material delivered to the mill includes the stumpage value, all in-woods harvesting costs, cost of trucking or transportation to the mill, and any overhead costs for management, supervision, and scaling of material. The delivered cost is synonymous with the term "pond value. a A therm of energy equals 100,000 British thermal units (Btu). Given the assigned value per therm, each row presents the dollar value of an alternative fuel in terms of the units commonly used in commerce as the basis for selling and purchasing the energy product. The values in each column represent the maximum price that a consumer can pay for the alternative. If the market price for an alternative is lower than the listed value, there is an economic incentive for the consumer to change to that energy source. When considering changes in energy source, the consumer must also take into consideration the cost (investment) for equipment upgrades and the conversion efficiency of the alternative. Note: All references to moisture content (MC) are green basis. The recoverable Btu from a volume of wood is constant over a range of moisture contents. As a volume of wood dries, the weight of the material decreases but the gross heating value (GHV) of the material increases. Weight × GHV = a constant value. then the value per therm (100,000 Btu) is $2.88 (see table 7 ). If the fuel were burned in a unit that was 85 percent efficient, the cost per therm would be adjusted to $3.39. The value of a cord of wood at 50 percent moisture content, burned in a stove with 50 percent efficiency, would provide 106.3 therms of energy. Based on the cost of $3.39 per Btu for oil, a person could pay up to $361 for a cord of wood to replace oil at $4.00/gal (see table 7 ). Interpretation of the data at this point will depend on the self-motivation of the individual user and their willingness to invest in equipment and cut, transport, and split wood. A willing user that has a source of wood on the stump can reduce energy cost to a fraction of the above amounts.
Given the above analysis, a landowner or logger in the business of selling firewood can charge up to the stated amount of the alternative for cut-to-length and split material and be competitive with the alternative. If they can reduce their price to less than the above amount and are satisfied with the profit margin, they have a competitive advantage over the alternative at the stated price. The lower the price, the more competitive they become and the more incentive the user has to make an investment in new heating equipment (capital costs required to replace fuel systems with RWEP could be very high) to convert from the alternative to RWEP. If the cost of delivering the material to a wood processing yard is $108.40, the high end of the estimated delivered cost, there is still a tremendous opportunity ($252.60 obtained by subtracting the $108.40 per cord price for delivery to the wood yard from $361 alternative cost of oil) to make a profit from the activity.
Potential Demand for RWEP for Home Heating in Alaska
Given this analysis, it is concluded that at $3.00/gal for fuel oil there is a price incentive for users of distillate fuels to convert to RWEP. With recent electricity prices over $0.10/kWh, there is also a price incentive for consumers using this form of energy to convert. For the purposes of this report, it is assumed that the maximum potential is in fact best defined as the Btu level used by consumers using distillate fuels. Estimates of the maximum potential volumes of RWEP that might be required annually to meet this level of demand are shown in table 8.
In table 8 that would increase the combustion efficiency of the burning units will reduce the required replacement volumes. British thermal unit equivalent of wood pellets was based on a moisture content of 6.5 percent and a combustion efficiency of 75
percent. This efficiency is slightly less than levels quoted by pellet stove vendors and, again, a higher level of efficiency would result in a decrease in the replacement volume.
Given the above adjustments, it was estimated that the maximum potential annual demand for RWEP to replace distillate fuels for heating in the residential sector of Alaska is about 815,000 cords of green wood or about 872,000 tons of wood pellets (see table 8 ). If all of the liquid fuels used by the residential and commercial sectors in Alaska were converted to solid wood energy, it is estimated that 1.3 million cords of green wood would be required annually. With respect to wood pellets, a portion of the raw material delivered to the mill is often burned and used to dry the remaining material. Use of part of the raw material as an energy source for drying will increase raw material requirements up to 25 percent. The seventh and ninth columns in table 8 provide an estimate of the volume of material that would be required to produce pellets including material used for drying.
The estimated volume of wood that would satisfy the potential demand for wood pellets is about 1.06 million cords of material for the residential sector and about 1.73 million cords of material for both the residential and commercial sectors. This level of RWEP use would represent less than 40 percent of the highest harvest level reported by the Alaska timber industry (Brackley et al. 2009a ).
Although table 8 provides potential demand in terms of firewood and pellets, in reality, a portion of the market will be captured by each product. In this report, the demand is based on replaceable fossil fuel Btu. As each product (firewood, pellets, compressed logs, chips, etc.) enters the market, the remaining volume required from other entries is based on the remaining required Btu. In the future, liquid fossil fuel may also be replaced by liquid bio products.
Discussion

Replacement Based on Economics
The conversion among the various sources of energy, especially RWEP, is complex and price itself may not be the limiting factor. Natural gas and electric heating systems are compact and can be used in almost any building. Systems that use fuel oil and other petroleum-base products require tanks, but the space required for tanks is minor. In some areas of extreme cold, these tanks must be located in a partially heated area. On the other hand, renewable wood energy products require considerable storage areas and handling. A year's supply of firewood (assuming up to 8 cords) will require up to 1,100 ft 3 of space (i.e., a building with a floor area of 14 by 14 ft if the wood is piled 6 ft high). Ideally, this storage area should be covered but of sufficient size to allow ventilation to promote drying. In most coastal areas of Alaska, the lowest moisture content resulting from air drying will be 15 to 16 percent green basis. Slightly lower moisture contents may be attained in inland areas such as Fairbanks.
One year's supply of wood pellets (6 tons) would require floor area of approximately 100 ft 2 stacked to delivered pallet height. During the heating season, the user must be willing to frequently move fuel from storage to the area where it will be used. Much of the extra work associated with RWEP can be minimized when constructing new homes, designed from the start to utilize these sources of energy, and assuming the evolution of an industry to efficiently deliver the product. Many existing homes, especially in areas of higher population density, were designed for use with fossil fuels or electricity, and this may restrict conversion opportunities. Table 7 identifies some of the realities when considering replacement of fossil energy sources with RWEP in Alaska. First, given the price for natural gas in the Anchorage-Valley area, there is little price incentive to convert from this source of energy. Natural gas is one of the cleaner burning nonrenewable fossil fuels and in any system to tax carbon, will receive the most favorable treatment of any of the fossil fuels.
The lowest cost for electricity in the populated areas of the state is approximately $0.10/kWh. Electricity produced by hydro, wind, and solar sources is a very clean form of energy. Electricity produced from fossil fuels, however, is a totally different situation. In general, the Btu input of liquid fossil fuel to produce electricity is roughly three times the energy of the resulting electricity. The impact of this is felt in small rural communities where electricity has traditionally been supplied by diesel-powered generators. In such communities, it is not uncommon to find Twenty-seven percent of the energy used by the residential sector in Alaska is in the distillate fuels (fuel oil and liquefied petroleum) (see fig. 3 ). Thirty-eight percent of the housing units are heated with these fuels (see fig. 2 ). Based on table 7, at a fuel oil price of $2.00/gal the economic incentive to convert to RWEP is minimal, unless the user has a source of standing timber or material that can be converted to firewood using "sweat equity." At a price of $2.00/gal there is little opportunity for a fuel dealer to make a profit from RWEP sales. Although not listed in table 7, the interpolated value of a cord of green wood at $3.00/gal of fuel oil is $270. At this price, the users of "sweat equity" and fuel dealers are both enabled.
At prices above $3.00/gal, there is an obvious economic incentive for homeowners to convert, as the cost saving for RWEP is sufficient to cover the capital costs for converting oil burning equipment to RWEP equipment.
Energy Sources Most Likely To Be Replaced by RWEP
As stated in the "Introduction," replacement of traditional sources of energy for home heating and conversion to RWEP will be a function of a number of factors.
The ultimate objectives of this project are to determine initial estimates of the potential volumes that are candidates for replacement and provide an introduction to some of the factors that will impact the rate of replacement and the ultimate amount of replacement.
In addition to identification of factors, there are many questions relative to how the factors will interact to promulgate change. It is certain that conversion to RWEP will take place over a period of years. The Alaska Housing Manual (AHFC 2000) reported that the most common heating system used in the Anchorage-Valley region were centralized, gas fired, hot air systems. In other areas of the state, centralized oil fired hydronic systems are the norm. In new home construction or in upgrades of heating systems, it is possible to integrate fossil fuels and RWEP into a common air or water distribution system. Burners that incorporate oil, solid wood, or pellets in one integrated unit or as two independent units are available. There would be more incentive to install multifuel systems where high-priced sources of energy are used. In the long term, transparent (i.e., requiring relatively minor changes to burner system and fuel delivery method) conversion to liquid RWEP is an option for homeowners with fuel-oil based systems. It is more likely, however, that most of the initial conversion to RWEP will involve increased use of space heaters and fireplace inserts, thus reducing the dependence on the high-cost energy alternatives.
Sources of Renewable Wood Energy Material
Some individuals may assume that conversion and utilization of RWEP in accordance with the previously stated numbers will result in a cord-for-cord increase in the harvest levels from the forests of the state. For many reasons, however, this is not the case. A complete analysis and statement of the reasons why the assumption is incorrect is beyond the scope of this paper, but a few comments are appropriate. have the potential to grow into logs at some future date, and trees that owing to poor form (i.e., they are crooked) or rot, cannot produce a saw log. By definition, growth takes place only on the growing-stock trees-those that currently are suitable for producing saw logs or have the potential to grow into saw logs. Given these definitions, if a tree that does not include a saw log or have the potential to grow into a saw log is removed from the woods and used, the removal has no impact on growth as defined by the FIA. In the past, timber volumes have been defined in terms of merchantability standards. The standards of the past excluded material in tops and limbs left in the woods from the inventoried timber volumes. Tops, limbs, rough and rotten trees, and trees below standards of merchantability, however, can all be harvested for fiber and converted into energy products.
Also, residual products such as slabs, edgings, or sawdust from saw logs can be converted into energy products and the use of residuals does not result in any increase in the number of trees cut and harvested. The size of a residual-based industry, however, is somewhat limited by the capacity of the mills to process the solid wood product, such as lumber.
Many homeowners produce firewood from trees that do not grow in the forest or from dead and low-grade trees that are not considered as forest growing stock.
Homeowners can also go into areas that have been logged and cut firewood from branches and tops that are left in the woods as slash. Use of these materials does not have any impact on growth.
These are a few of the situations that need to be taken into account to determine the impact of energy use on the forest. As a rule of thumb, if high-quality trees of saw-log quality or trees that have the potential to grow into saw-log-quality trees are harvested and used for energy products, there will be a reduction in growing stock material. If, however, the material is from any other source (e.g., land not considered part of the forest, trees not of growing-stock quality, or parts of trees already harvested), it is in fact considered an increase in utilization of harvested material that has no impact as far as timber sustainability is concerned. Such changes in utilization may, however, have an impact on the sustainability of forest ecosystems when the concepts of biodiversity and related value of course woody debris are considered. A complete review of these issues is beyond the scope of this project. 
Conclusions
The level and satisfaction of future demand for RWEP in Alaska really has little to do with the existence of a biomass resource. It is limited, however, by the size of the existing forest products industry, the industry's capacity to economically harvest wood, and society's willingness to convert. In addition, conversion to RWEP will be a function of a national energy policy and price for alternatives. Lacking a national energy policy, a return to high market prices for oil will stimulate production of energy products and result in conversion. It is also possible that conversion will in part promote the development of a more vibrant forest products economy in Alaska.
Total conversion of oil and other liquid fuels used by the Alaska residential and commercial sectors to solid RWEPs would require in excess of 1.3 million cord equivalents of material annually. Although that volume may appear great to many people, in reality it represents the amount of wood required to supply raw material to one large pulp mill.
The economic incentive to convert to solid wood fuel exists at any heating oil price in excess of $3.00/gal. At this level, fixed costs are recovered in relatively short periods (5 years or less). A national energy policy may impact conversion by placing a tax on fossil fuels or providing tax credits to help cover the costs of converting to systems that use RWEPs (biomass).
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